a secondary velum occur both in Lactarius and Russula and were placed in separate genera (Hennings 1902 , Heim 1937 , Redhead & Norvell 1993 , which was not accepted by Verbeken (1998b) . Later, molecular analyses indicated that the Russu laceae family also contains several corticioid taxa from three genera: Boidinia, Gloeopenio phorella and Pseud oxenasma (Larsson & Larsson 2003 , Miller et al. 2006 . Lactarius and Russula species are ectomycorrhizal, the corticioid taxa are reported to be saprotrophic (Larsson & Larsson 2003 , Miller et al. 2006 , Tedersoo et al. 2010 . However, this is questioned by Miller et al. (2006) , who suggest that these corticioid taxa might also be ectomycorrhizal symbionts.
With the inclusion of more tropical taxa, phylogenetic data showed that Lactarius and Russula are not two well-defined and separate clades. Russula appears to be monophyletic only if a small group of species is excluded. This small group forms a clade where Lactarius and Russula are mixed and it was described as the new genus Multifurca (Buyck et al. 2008) . The former Russula subsect. Ochricompactae, the Asian Russula zonaria and the American Lactarius furcatus were included in this genus. Multifurca species are characterised by furcate lamellae, dark yellowish lamellae and spore-prints, a strong zonation of pileus and context and the absence or presence of latex. The remainder of Lactarius falls in two different clades (Buyck et al. 2008) . The proposal to conserve Lactarius (hereafter abbreviated as L.) with a conserved type L. torminosus (Buyck et al. 2010 ) was accepted by the 2011 Inter national Botanical Congress (McNeill et al. 2011) . The name Lactarius is therefore retained for the larger, mainly temperate clade. The subgenera L. subg. Lactarius (the former L. subg. Piperites), L. subg. Russularia and L. subg. Plinthogalus now constitute the larger genus Lactarius sensu novo. The smaller, mainly tropical clade, with approximately 150 described species (25 % of the known milkcap species), belongs to the genus Lacti fluus (hereafter abbreviated as Lf.) and is typified by Agaricus lactifluus, currently known as Lf. volemus (Buyck et al. 2010) . New combinations were made in a series of three papers for the subgenera Lf. subg. Lactariopsis, Lf. subg. Russulopsis, Lf. subg. Edules, Lf. subg. Gerardii, Lf. subg. Lactifluus and Lf. subg. Piperati (Verbeken et al. 2011 , Stubbe et al. 2012b . No synapomorphic characteristics have been found to consistently separate the genera Lactarius and Lactifluus and the morphological distinction between the genera is thus far based on several trends. The genus Lactifluus is generally characterised by the complete absence of zonate and viscose to glutinose caps. It contains many species with veiled and velvety caps, as well as all known pleurotoid milkcap species (Buyck et al. 2008 , Verbeken & Nuytinck 2013 . So far, no sequestrate species are known within the genus Lactifluus.
Lactifluus
The milkcap genus Lactifluus is predominantly represented in the tropics. The highest diversity of the genus is known from Africa (Verbeken & Walleyn 2010) and Asia (Le et al. 2007b , Van de Putte et al. 2010 ), but recent studies indicate that the genus is also well-represented in South America (Henkel et al. 2000 , Miller et al. 2002 , Smith et al. 2011 . Typical host plants are leguminous trees (Fabaceae), members of the Dipterocarpaceae and the Fagaceae, and of the genera Uapaca (Phyllanthaceae), Eucalyptus and Leptospermum (Myrtaceae). Due to its mainly tropical distribution, the genus is rather understudied, but more and more species are recognised and described (Wang & Verbeken 2006 , Van de Putte et al. 2010 Lactifluus is known for its molecular diversity, with several species complexes , 2012a , Van de Putte et al. 2010 , De Crop et al. 2014 ) and species on long and isolated branches (Buyck et al. 2007 , Van de Putte et al. 2009 , Morozova et al. 2013 , Wang et al. 2015 . Previous studies questioned the traditional subgenera and sections (Buyck et al. 2008) or even indicated that Lactifluus might be paraphyletic (Verbeken et al. 2014) . These confusing results emphasize the need for a thorough study, since a genus-wide analysis of Lactifluus has never been published.
Current classification of Lactifluus
During the last decade, important changes were published regarding the infrageneric classification of the genus Lactifluus. The genus presently contains six subgenera and one unclassified section. A summarizing overview of the situation prior to our global phylogenetic analysis is given here.
Lactifluus subg. Lactariopsis
Lactifluus subg. Lactariopsis was traditionally divided into three sections: Lf. sect. Lactariopsis, Lf. sect. Chamaeleontini and Lf. sect. Albati (Verbeken 1998b , Verbeken et al. 2011 . These sections were placed together especially based on similarities in pileipellis structure, such as the lack of a pseudoparenchymatous layer in combination with the presence of thick-walled hairs. In the phylogeny of Buyck et al. (2008) , Lf. subg. Lactariopsis appears to be paraphyletic, with the temperate Lf. sect. Albati splitting off from the remaining, predominantly African part of the subgenus. Even though this was noticed, Lf. sect. Albati is still considered a section within Lf. subg. Lactariopsis by Verbeken et al. (2011) pending a more complete phylogenetic analysis. Lactifluus sect. Lactariopsis and Lf. sect. Chamaeleontini were originally separated based on the presence or absence of a secondary velum and the pileipellis structure (Verbeken 2001 . However, the presence of a secondary velum seems to be of limited taxonomic value at this level, as molecular data show that species of both sections intermix in the phylogeny and the monophyly of neither section is supported (Buyck et al. 2007 , Wang et al. 2015 ).
-Lactifluus sect. Albati occurs in temperate regions and consists of six known species with firm and white basidiocarps, a velutinous cap and acrid milk. Microscopically they can be recognised by a (lampro) trichoderm as pileipellis, pseudocystidia that are not emergent and the presence of macrocystidia (Heilmann-Clausen et al. 1998 , Verbeken 1998b ).
-Lactifluus sect. Chamaeleontini and Lf. sect. Lactariopsis mainly occur in tropical Africa, with some exceptions in South-East Asia and South America (Singer 1952 , Verbeken & Horak 1999 , Miller et al. 2012 , Morozova et al. 2013 ). Species of Lf. sect. Chamaeleontini can be recognised by a pileipellis with scattered or absent thick-walled elements, the absence of secondary velum and emergent to highly emergent pseudocystidia. Species of Lf. sect. Lactariopsis are characterised by a pileipellis entirely composed of thickwalled elements, emergent to highly emergent pseudocystidia and the presence of a secondary velum, forming a clear annulus (Verbeken 1996a , 1998b , Verbeken & Walleyn 2010 . Lactifluus sect. Lactariopsis also contains several pleurotoid species from South America and Southeast Asia (Verbeken 1998b , Miller et al. 2012 , Morozova et al. 2013 ).
Lactifluus subg. Edules
This subgenus exclusively consists of African species, which are generally characterised by firm basidiocarps with yellowish to greyish orange to pinkish colours and a cap that is dry and often cracked, a trichoderm or trichopalisade as pileipellis and a spore ornamentation lower than 0.3 µm (Verbeken 1996a , Verbeken & Walleyn 1999 ). When it was described, the position of Lf. sect. Edules within the genus was uncertain (Verbeken 1995 (Verbeken , 1996a and later the section remained unclassified (Buyck et al. 2008) . When recombining this section into Lactifluus, Verbeken et al. (2011) decided to treat this section on subgenus rank, as Lf. subg. Edules.
Lactifluus subg. Russulopsis
Verbeken (2001) and Verbeken et al. (2011) proposed this subgenus which includes only one section, Lf. sect. Russulopsidei, comprising eight species endemic to tropical Africa. Species are charac terised by a dry to viscid pileus, reddish colours in pileus and stipe, and several striking microscopic features such as diverticulate and frequently branched pseudocystidia and a cutis-like pileipellis with distinct dermatocystidia, a character common in Russula but rarely observed in milkcaps (Verbeken 1996a , Verbeken & Walleyn 2010 .
Lactifluus subg. Lactifluus
Lactifluus subg. Lactifluus is the largest subgenus and contains eight sections. The main characteristic of this subgenus is a palisade or palisade-like structure in the pileipellis.
-Lactifluus sect. Lactifluus contains species occurring throughout Europe, North America and Asia. Its members can be distinguished from species of other sections by a combination of several distinctive microscopic and macroscopic characteristics. Microscopically, they have a lampropalisade as pileipellis, hymenial lamprocystidia and reticulate spore ornamentation. Macroscopically, they can be recognised by clay-buff to orange-brown or reddish brown velutinous caps, abundant white latex that turns brownish when in contact with the flesh and a fish-like odour. Van de Putte et al. (2010 ) discovered a large diversity of cryptic to semi-cryptic species within this section.
-Lactifluus sect. Polysphaerophori is a predominantly African section, with only one South American representative, Lf. veraecrucis. Verbeken & Walleyn (2010) synonymised L. sect. Gymnocarpi with this section, as was also suggested by Montoya et al. (2007) . The main characteristics are a strongly wrinkled pileus, a lampropalisade as pileipellis with a suprapellis thicker than the subpellis, the absence of true pleurocystidia, a more or less reticulate spore ornamentation, a hymenophoral trama mainly composed of sphaerocytes and a context that often changes green with FeSO 4 (Verbeken 1996a , Verbeken & Walleyn 2010 ).
-Lactifluus sect. Phlebonemi is mainly represented by African species, although it contains some Asian and European representatives. It is characterised by spores with almost isolated rounded warts with some very fine connective lines and little to no reaction of the context with FeSO 4 (Verbeken 1996a , Verbeken & Walleyn 2010 . Similar to Lf. sect. Lactifluus they have latex that immediately changes brown and a fish-like odour, but they differ from that section by their hymenophoral trama mainly composed of narrow hyphae. The distinction between this section and Lf. sect. Polysphaerophori is mainly based on differences in spore ornamentation, but Verbeken & Walleyn (2010) state that this division might be artificial and was only conserved for practical reasons.
-Lactifluus sect. Pseudogymnocarpi contains seven species, which are all endemic to tropical Africa. The section is characterised by a lampropalisade as pileipellis, the presence of conspicuous lamprocystidia, elongate spores with a low incomplete to complete reticulum and often a central amyloid spot at the plage and a salmon pink reaction of the context with FeSO 4 (Verbeken 1996a , Verbeken & Walleyn 2010 ).
-Lactifluus sect. Rubroviolascentini is a tropical African section containing two species characterised by a palisade as pileipellis, the presence of lamprocystidia, an extremely low spore ornamentation, an inamyloid plage and latex changing from white-buff, to red and finally black when exposed to air (Verbeken 1996a , Verbeken & Walleyn 2010 . The section was distinguished from Lf. sect. Pseudo gymnocarpi based on the blackening context. However, Verbeken & Walleyn (2010) note that this distinction is artificial and was only maintained for practical reasons.
-Lactifluus sect. Tomentosi contains species from Europe, Asia and Oceania, as Verbeken et al. (2012) synonymised L. sect. Rugati with this section. It can be recognised by a combination of characters: a dry and cracked pileus with yellow-orange to reddish brown colours, a palisade as pileipellis, a subpellis thicker than the suprapellis, the absence of true pleurocystidia, a more or less reticulate spore ornamentation, a hymenophoral trama mainly composed of sphaerocytes and a context that stains pink with FeSO 4 (Verbeken 1996a , Verbeken & Walleyn 2010 ).
-Lactifluus sect. Tenuicystidiati is an Asian section, recently proposed by Wang et al. (2015) . (Wang et al. 2015) . It is characterised by a combination of characteristics: a lampropalisade as pileipellis with slightly thick-walled terminal cells, thin-walled and slender macro cystidia and ellipsoid spores with low and more or less connected ornamentation.
-Lactifluus sect. Ambicystidiati currently contains only one species known from Asia, Lf. ambicystidiatus. This species shows a combination of striking characteristics: an undeveloped lactiferous system and the presence of both macro-and lamprocystidia. Wang et al. (2015) treated Lf. sect. Ambicystidiati as an independent section within the genus Lactifluus, as this species shows no morphological similarity with any other taxon within the subgenus.
Lactifluus subg. Gerardii
Due to striking morphological similarities, Lf. gerardii and allies were long considered to belong to L. subg. Plinthogalus (Hesler & Smith 1979) . Using a combination of molecular and morphological data, Stubbe et al. (2010) found that they form a separate group and actually belong to the genus Lactifluus instead of Lactarius. These species were transferred to Lf. subg. Gerardii, which contains up to 30 described species. The subgenus is distributed in Asia, North and Central America and Australasia. In most cases species in Lf. subg. Gerardii can be recognised by a combination of five characteristics: a white spore print, reticulate spore ornamentation not higher than 2 µm, a palisade structure in the pileipellis with globose cells in the subpellis, the lack of macrocystidia and a general habitus of a brown pileus and stipe with contrasting white and mostly distant lamellae ). This subgenus also contains several pleurotoid species that are morphologically different, because they lack the general habitus and the striking dark pigmentation of this subgenus and have macrocystidia in their hymenium.
Lactifluus subg. Piperati
This subgenus with a Northern hemispherical distribution contains two sections: Lf. sect. Piperati and Lf. sect. Allardii. Lacti fluus sect. Piperati contains at least 10 different species distributed over three groups (De Crop et al. 2014 ) and all of them are characterised by firm, whitish basidiocarps and a hyphoepithelium as pileipellis type with dermatocystidia (Heilmann-Clausen et al. 1998) . Lactifluus sect. Allardii contains only one North American species and can be recognised by a lamprotrichoderm as pileipellis and a vinaceous-cinnamon coloured pileus (Hesler & Smith 1979) .
Unclassified section
Lactifluus sect. Aurantiifolii has not been placed in a subgenus. The section contains only one African representative, Lf. aurantiifolius, that deviates morphologically from all other milkcap species and is characterised by a slightly velutinous to pruinose, vividly coloured and concentrically zonate pileus, brightly coloured lamellae with a paler and fimbriate margin, irregularly verrucose to incompletely reticulate spores, clavate pleuromacrocystidia with slightly thickened walls and a trichoderm pileipellis structure (Verbeken 1996b , Buyck et al. 2007 ).
In previous studies, the classification of this section was uncertain (Buyck et al. 2007 . This study is the first worldwide treatment of the genus Lacti fluus, with a thorough geographical and taxonomical sampling. We combine a multi-gene molecular phylogeny with a morphological approach to clarify relationships within Lactifluus. The current classification is compared with our results, nomenclatural changes are listed and we give an overview of the revised infrageneric classification.
Unclassified species

MATERIAL And METHodS
Sampling
We included Lactifluus collections from every continent, every subgenus and every section, as well as collections with divergent morphological features. To improve species identification, we included as many type specimens as possible in our dataset. We included one collection of each species, except when sequences of only one or two genes of the type collection were available. In those cases we added an extra collection of the same species for which all four genes were sequenced. The outgroup contains nine Russulales species: Amylostereum laevigatum, Auriscalpium vulgare, Bondarzewia montana, Echinodontium tinctorium, Gloeocystidiellum porosum, Heter obasidion annosum, Peniophora nuda, Stereum hirsutum and Vararia abortiphysa (Table 1) .
Morphological analyses
For each Lactifluus collection, several important or striking morphological characteristics were determined. The following characteristics, traditionally used to characterise infrageneric groups, are represented in the phylogenetic trees of each subgenus:
i. fruit body type (agaricoid /pleurotoid); ii. presence or absence of a secondary velum; iii. colour reaction of the latex and/or the context when exposed to the air; iv. pileipellis type (Fig. 1) ; and v. presence or absence of true cystidia, together with cystidium type (macro-, lepto-or lamprocystidia, Fig. 2 ).
Other morphological characteristics were discussed depending on their importance as delimiting features.
Macromorphological characteristics of fresh material were described in daylight conditions and morphology of herbarium specimens was based on the notes of the collectors or was obtained from the original species descriptions. Micromorphological characteristics were studied on dried herbarium collections or derived from the original species descriptions. We follow Vellinga (1988) DNA from fresh material was extracted using the CTAB extraction described in , whereas DNA of dried material was extracted using the protocol of with modifications described in Van de Putte et al. (2010) . Protocols for PCR amplification follow Le et al. (2007a) . In order to get support for branches at and above species level, we chose genes proven to be informative across multiple phylogenetic levels within the Russulaceae (Buyck et al. 2008 ):
1. the internal transcribed spacer region of ribosomal DNA (ITS), comprising the ITS1 and ITS2 spacer regions and the ribosomal gene 5.8S. Primers ITS-1F/ITS5 and ITS4 were used (White et al. 1990 , Gardes & Bruns 1993 , together with internal primers ITS2 and ITS3 (White et al. 1990 ) for old type specimens and poorly dried collections; 2. a part of the ribosomal large subunit 28S region (LSU), using primers LR0R and LR5 (Moncalvo et al. 2000) ; 3. the region between the conserved domains 6 and 7 of the second largest subunit of the RNA polymerase II (RPB2), using primers bRPB2-6F and fRPB2-7cR (Liu et al. 1999 , Matheny 2005 ; and 4. the region between domains A and C of nuclear gene encoding the largest subunit of RNA polymerase II (RPB1), using primers RPB1-Ac and RPB1-Cr (Stiller & Hall 1997 , Matheny et al. 2002 . As the RPB1 fragment is over 1300 bp long, sequencing often failed for dried material. Based on existing RPB1 sequences of milkcap species, we constructed an internal primer, with primer sequences RPB1-F3: 5'-AGT AAR AYG RTY TGT GAG GC -3' and RPB1-R4: 5' -GCC TCA CAR AYC RTY TTA CT -3'. Then, using primer pairs RPB1-Ac/RPB1-R4 and RPB1-F3/RPB1-Cr, two fragments of RPB1 were obtained and joined for alignment and phylogenetic analyses.
PCR products were sequenced using an automated ABI 3730 XL capillary sequencer (Life Technology) at Macrogen. Forward and reverse sequences were assembled into contigs and edited where needed with the Sequencher TM v. 5.0 software (Gene Codes Corporation, Ann Arbor, MI, USA). Sequences were aligned using the online version of the multiple sequence alignment program MAFFT v. 7 (Katoh & Toh 2008) , using the E-INS-I strategy. Trailing ends of the alignment were trimmed and alignments were manually edited when necessary in Mega 6 (Tamura et al. 2013 that the deletion of gapped sites universally decreases tree resolution and branch support. Four final alignments were used:
1. a combined alignment of ITS+LSU sequence data; 2. an alignment of RPB2 sequence data; 3. an alignment of RPB1 sequence data; and 4. a combined alignment of ITS+LSU, RPB2 and RPB1 sequence data.
The alignments can be acquired from the first author and Tree-BASE (S17930).
Phylogenetic analyses
Sequence data were divided into the following partitions. The ITS+LSU alignment was partitioned into partial 18S, ITS1, 5.8S, ITS2 and partial 28S. Both RPB2-and RPB1-alignments were partitioned into the intron(s) and the first, second and third codon positions of the exon. Maximum Likelihood (ML) analyses were conducted with RAxML v. 8.0.24 (Stamatakis 2014) , where an ML analysis was combined with the Rapid Bootstrapping algorithm with 1 000 replicates under the GTR-CAT option (Stamatakis et al. 2008) . Bayesian Inference (BI) was executed with MrBayes v. 3.2.0 (Ronquist et al. 2012 ).
Partitionfinder v. 1.1.1 (Lanfear et al. 2012 ) was first used to determine the model that best fits each partition, using the Bayesian information criterion (BIC), after which we evaluated the chosen models. Rambaut et al. 2014 ) and AWTY (Nylander et al. 2008 ). After discarding a burn-in determined in Tracer, a majority rule consensus tree was constructed. ML and BI analyses were performed on each of the four alignments. All analyses were performed on the CIPRES Science Gateway (Miller et al. 2010 ).
RESuLTS
Our dataset contains 213 Russulales collections, of which 189 are from the genus Lactifluus. With approximately 150 described species in Lactifluus, 80 % of the described taxa are represented in our dataset. Of the 20 % missing, most species are only known from collections too old for sequencing. The remainder are taxa from species complexes represented by at least 15 species in our dataset, for instance from Lf. subg. Gerardii and Lf. sect. Lactifluus. These complexes have been studied before and their absence in this analysis does not affect stability of the results , Van de Putte et al. 2010 . Fifty-one of the described species we included have never been sequenced before and 46 of the described species are represented by their type specimen. Furthermore, we included 30 unidentified collections, of which at least 15 represent new species. PCR and sequencing success rate differed among the four genes, with 213, 195, 177 and 151 sequences obtained for ITS, LSU, RPB2 and RPB1, respectively. A total of 493 new sequences were generated for this study, the remaining were obtained from our previous studies and GenBank. ML and BI results of the three independent datasets are similar, without any supported conflicts (support: ML > 70, BI > 0.95). We therefore used the concatenated dataset, which is 5032 bp long (including gaps). The phylogeny of the concatenated data is shown in Fig. 3 Fig. 4 and 5. Each subgenus can be further divided into several sections, which are described below, together with their known morphological characteristics.
I. Lactifluus subg. Lactariopsis - Fig. 3, 4a -f, 6 Lactifluus subg. Lactariopsis is well-supported by molecular results. The subgenus is characterised by a variety of pileipellis types, ranging from types with abundant to scarce needleshaped thick-walled elements. In most species true pleurocystidia are absent, but pleuromacrocystidia or pleuroleptocystidia are present in some, while pleurolamprocystidia were never observed. This is the only clade in which species with secondary velum occur and colour changes of the context and/or latex are only rarely observed. The subgenus consists of eleven well-supported clades and two species on isolated branches: cap colours, an ixocutis to ixotrichoderm as pileipellis and a burning acrid taste.
-Clade 2 contains several agaricoid South American species.
Species from this clade all have thick-walled elements in the pileipellis and comprise all known South American taxa with secondary velum on the stipe, as an annulus, and on the pileus margin.
-Clade 3 contains two pleurotoid species from South America, of which Lf. multiceps can be recognised by its orange cap colours, a lampropalisade and the absence of secondary velum and true cystidia.
-Clade 4 contains two Asian species: the small pleurotoid Lf. chrysocarpus, which was already mentioned to belong to Lf. subg. Lactariopsis in the study of Morozova et al. (2013) , and the recently described Lf. ramipilosus (Li et al. 2016 ). Both are characterised by a lampropalisade and the absence of a secondary velum.
-Clade 5 is composed of African and Asian species. They all have pseudocystidia that are highly emergent (up to 40 µm in Lf. brachystegiae) and thick (up to 18 µm diam in Lf. brachystegiae), a cutis to trichopalisade as pileipellis and no secondary velum or true cystidia.
-Lactifluus cocosmus is another species isolated on a rather long branch. As previously mentioned by Van de Putte et al. (2009) , it has a deviating morphology, with latex turning greenish and a distinct coconut odour. There are no close relatives known.
-Clade 6 contains three African agaricoid species, two of which are possible new taxa from Cameroon. Lactifluus rufomarginatus is characterised by an ixopalisade as pileipellis, which is rare in the genus.
-Clade 7 consists of two African representatives. Both have a cutis to a trichopalisade as pileipellis and Lf. densifolius is also characterised by the presence of pleuroleptocystidia.
-Species from Lf. sect. Russulopsidei are characterised by brown-red colours in cap and stipe, a cutis as pileipellis, the presence of dermatocystidia and the absence of a velum. Several species also have true pleurocystidia. II. Lactifluus subg. Pseudogymnocarpi - Fig. 3 , 4g-l, 7
Species of Lactifluus subg. Pseudogymnocarpi are all agaricoid species characterised by yellow, orange to reddish brown caps and a trichoderm to (lampro) (tricho) palisade as pileipellis. In some species, true pleurocystidia are absent, while others have pleurolamprocystidia or pleuromacrocystidia. Some species show striking colour reactions of the latex, but most species Verbeken & Walleyn (2010) , this species is characterised by a combination of several unique characters: bright orange lamellae, a white and fimbriate lamellar edge, a zonate and highly pruinose pileus and a chambered, tapering stipe.
-Lactifluus sect. Rubroviolascentini is an exclusively African clade. It unites species with latex that changes from cream to red and finally black, together with species that lack these colour reactions. All are characterised by pleurolamprocystidia and Lf. carmineus even has both pleurolampro-and pleuroleptocystidia.
-Lactifluus sect. Polysphaerophori only contains Central and South American species. Collections or their morphological descriptions were not available for most species so general characteristics are thus hard to define. III. Lactifluus subg. Gymnocarpi - Fig. 3, 5a -f, 8 Lactifluus subg. Gymnocarpi can be recognised by a combination of a lampropalisade as pileipellis, the absence of true pleurolamprocystidia (with discrete pleuromacrocystidia rarely present) and a brownish colour reaction of the latex and/or the context when exposed to air. The subgenus consists of five supported clades and five isolated species:
-Typical for Lf. sect. Luteoli, which consists of species from all continents except South America, are the capitate elements in the pileipellis and/or marginal cells. Verbeken & Walleyn (2010) already suggested that species with capitate terminal pileipellis elements might form a natural group. Lactifluus brunneoviolascens, the European representative, is often confused with the similar North American Lf. luteolus. Our study indicates that the North American species is different from the European one, which means that Lf. luteolus is an incorrect name for the European taxon.
-Lactifluus sect. Gymnocarpi has only African representatives. They have (slightly) thick-walled and sometimes strongly emergent marginal cells (cheilolamprocystidia) and cylindrical or irregularly shaped and often branched, thick-walled hairs in the pileipellis.
-Lactifluus foetens is isolated on a branch sister to the preceding two sections. Macroscopically, it resembles the recently described species Lf. albomembranaceus nom. prov. (EDC 12-046) of Lf. sect. Gymnocarpi, but their microscopic characteristics do not correspond. The pileipellis of Lf. foetens, for example, is a lampropalisade with tufts of long, slender and regular subcylindric hairs, while the pileipellis of the undescribed species is a lampropalisade with a layer of shorter, broad and irregular subcylindric hairs.
-Lactifluus sect. Phlebonemi contains two tropical African species. They seem to have slightly different latex characteristics compared to the other species of Lf. subg. Gymno carpi. Their latex quickly turns brownish in contact with the lamellae or the context, as well as when isolated from the flesh. Furthermore, the latex is rather whey-like and does not colour evenly.
-The remaining species form one large clade, containing several subclades with species from Oceania, Central and South America. Within this species-rich lineage, clade 9 entirely consists of Central and South American taxa. Molecularly it is well-supported, but unfortunately, thorough morphological descriptions are lacking for most of these collections. Basal to the former clade, there are four isolated species on separate branches from Central and South America: Lf. brunellus, Lf. panuoides and two undescribed species (G3185 and RC/Guad 08-042). Both Lf. panuoides and Lf. brunellus have a pleurotoid habitat, the other two • (Cleland & Cheel 1919) . Singer (1942) noted that it could be Lactarius clarkeae and Lebel et al. (2013) also indicated that it belongs to Lacti fluus. In our analyses it is sister to Lf. clarkeae and we will recombine this in Lactifluus.
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IV. Lactifluus subg. Lactifluus - Fig. 3, 5g-l, 9 Lactifluus subg. Lactifluus is characterised by a range of pileipellis types, from a hyphoepithelium over a palisade to a lampropalisade. In some sections, true pleurocystidia are absent, while in others pleuromacrocystidia and/or pleurolamprocystidia are found. Most species are agaricoid, only Lf. sect. Gerardii has several pleurotoid representatives. For some sections, the colour reaction of the context and/or the latex upon contact with air is an important characteristic. The subgenus contains species from Asia, Europe, North America and Oceania and 
dISCuSSIon
Translation of the phylogeny in a new infrageneric classi fication
In this study, we attempted to resolve the infrageneric classification of the genus Lactifluus. Molecular results support four major clades, which we classify as subgenera, and within these subgenera, several sections can be delimited. Not all our results are congruent with the former infrageneric classification of Lacti fluus (Fig. 3) . Our analyses show ten additional clades which we suspect may represent new sections. In the present work, we only aim to assign new sections to clades that are fully supported and characterised by several synapomorphic features. The African Lf. sect. Xerampelini is newly described, as it is clearly demarked by its yellowish orange to reddish brown cap colours, a (lampro)-palisade as pileipellis, the absence of true pleurocystidia and spores with low ornamentation, usually not higher than 0.2 µm, that are verrucose or forming a more or less complete reticulum. For the remaining clades we do not yet propose infrasubgeneric ranks because a more thorough sampling and a thorough search for potential synapomorphies is necessary for this to be possible. We demonstrate the existence of at least 17 undescribed species spread across the four subgenera. This supports the hypothesis that Lactifluus is a species-rich genus where the diversity has not yet been adequately characterised. The new species that are phylogenetically characterised here will be described in future publications.
Conclusions at generic level
Our molecular results support the monophyly of Lactifluus, together with monophyly of Lactarius, Russula and Multifurca.
Previous analyses have shown however that this support at genus level strongly depends on outgroup choice (De Crop et al. unpubl. res.) . Our phylogenies are rooted with the outgroup used in Buyck et al. (2008) , with the addition of Heterobasidion annosum and the exclusion of Peniophora nuda, Albatrellus skamanius and Gloeocystidiellum porosum. Depending on the composition of the outgroup taxa, one or more of the Russu laceae genera receives less support. Further research within the order Russulales may point to better candidates as outgroup taxa for the Russulaceae. Additionally, to draw conclusions concerning the relationships between the Russulaceae-genera, the non-agaricoid genera also need to be taken into account. These are currently poorly sampled, but will be crucial to make conclusions at the generic level.
Evaluation of morphological characters
Lactifluus exhibits considerable morphological variation, with cap diameters varying from a few millimetres to more than 20 cm, agaricoid or pleurotoid fruit body types, more than ten different types of pileipellis, striking colour changes of the latex and/or context, different types of true cystidia and/or pseudocystidia, different habitats and ectomycorrhizal hosts.
In the morphological part of our study, we focus on five characteristics, which are putatively informative at the infrageneric level:
General habitus
The first characteristic is the general habitus of the basidiocarp. The majority of the studied Lactifluus species is agaricoid, only a minority is pleurotoid. So far, no sequestrate species are known, although more extensive explorations, targeting sequestrate fungi, might reveal sequestrate Lactifluus species. We confirm the results of previous studies (Miller et al. 2012 , Morozova et al. 2013 ) which state that the pleurotoid habitus has multiple origins, since pleurotoid species occur in seven different clades in three different subgenera. Consequently, this characteristic is not informative at infrageneric level within Lactifluus, although it had previously been used to separate the obsolete genus Pleurogala (Redhead & Norvell 1993) . theless, this character is phylogenetically informative, since all species with a distinct secondary velum are found within Lf. subg. Lactariopsis. Species with a distinct ring and velum at the pileus margin are only known from Africa and South America. Apart from species with a distinct velum, there are some African species, such as Lf. laevigatus and Lf. indusiatus that give the impression of a velum at the pileus margin. However, the feature is not as distinct as in Lf. heimii or Lf. velutissimus and these species never develop an annulus on the stipe. Further research is needed to determine whether these really are velar remnants. Anyhow, this feature is not informative at section level since it occurs in several clades within Lf. subg. Lactariopsis.
Colour reaction of the latex and/or the context
The third characteristic is the colour reaction of the latex and/ or the context when exposed to the air. Lactifluus species show a wide variety of colour changes. These changes are informative and can be used together with other characteristics to distinguish some groups. For example, in both Lf. subg. Gymnocarpi and Lf. sect. Lactifluus there are brownish colour changes of the latex and/or the context when they are exposed to air. In other groups, these changes only occur in some species, which makes the feature uninformative. For example, the beige latex of Lf. ru broviolascens and Lf. denigricans first turns bright red and later turns blackish when exposed to air, but the other species in Lf. sect. Rubroviolascentini lack these striking colour changes.
Pileipellis type
The fourth characteristic is the pileipellis type. Several studies (Bon 1983 , Heilmann-Clausen et al. 1998 , Verbeken 1998a , Verbeken & Walleyn 2010 have mentioned this as one of the most important characteristics to delineate sections and subgenera within Lactifluus, as well as in Lactarius. Our study confirms this, with the restriction that the pileipellis type can only be used within some subgenera. In Lf. subg. Pseudogymnocarpi for instance, the majority of species has a lampropalisade, which makes it difficult to use the feature within the subgenus.
Presence or absence of true pleurocystidia
The fifth characteristic is the presence or absence of true pleurocystidia, together with cystidium type (macro-, lepto-or lamprocystidia). Again, this characteristic can be used to delimit some sections in combination with other characteristics. In e.g. Lf. sect. Lactifluus, the presence of pleurolamprocystidia, together with the absence of pleuromacrocystidia, isolates it from the other sections within the subgenus.
Out of the five characteristics we focused on, three can be used, in combination with each other or other characteristics, to delimit subgenera or sections within the genus. Other morphological characteristics will need to be studied in more detail to morphologically support all subgenera and sections found in our phylogeny. Our study, together with previous ones (Verbeken 1996a , Verbeken & Walleyn 2010 , indicates that microscopic characteristics such as the shape of pseudocystidia, the shape and ornamentation of the basidiospores (although difficult to quantify) or the shape of marginal cells might be important characteristics in certain groups. Other important characteristics that might be important in the evolution of Lactifluus species relate to their ecology, such as their ectomycorrhizal host trees. Within Lf. subg. Lactariopsis, the pileus development may also be an important morphological character: several species are characterised by involute pileus margins in young basidiomes, so that lamellae are protected when growing. On the contrary, in most other species pileus margins are not involute and lamellae are exposed from the beginning (De Crop et al. unpubl. res.) . To know more about the evolutionary importance of this feature, a more detailed study on the ontogeny of basidiomes in the field is necessary.
Conclusions at species level
This study mainly focuses on the infrageneric relationships within Lactifluus and is not aimed at delimiting species within the genus. Our phylogeny cannot be used to make decisions at species level, although it can be used to draw attention to several species that need to be studied in more detail, using more collections and species delimitation techniques. The first clades within Lf. subg. Lactariopsis that draw our attention are those of Lf. madagascariensis and Lf. leoninus. For both species, the type specimen is on a longer branch than the other collection morphologically determined as the same species. This might be due to the poor quality of the type sequences. Further study is needed to verify if the latter is conspecific with the type specimens. In Lf. sect. Russulopsidei, Lf. ruvubuensis and Lf. longipes also need to be studied in more detail. castaneibadius and Lf. cf. murinipes. Some of these species might have to be synonymised, or they may represent species complexes, the occurrence of which has repeatedly been reported in Lactifluus , Van de Putte et al. 2010 ).
Morphological differences between the milkcap genera Lactifluus and Lactarius
It remains difficult to find morphological synapomorphies for either Lactarius or Lactifluus. Some general trends were formulated by Verbeken & Nuytinck (2013) that can be used to distinguish both genera:
i. thick-walled elements in the pileipellis and stipitipellis, as well as lamprocystidia, are generally present in Lactifluus and very rarely observed in Lactarius; ii. a hymenophoral trama composed of sphaerocytes (as in Russula) is common in Lactifluus but is rarely observed in Lactarius; iii. pleurotoid species are apparently restricted to Lactifluus; iv. sequestrate species are apparently restricted to Lactarius; and v. species with velum are apparently restricted to Lactifluus.
Besides these morphological trends, the genera also differ in distribution. Lactarius is mainly distributed in the Northern hemisphere, while Lactifluus has its main range in the tropics. Despite these trends, both milkcap genera remain difficult to distinguish for the time being, and can only be separated with certainty through molecular data.
Ecology
Species of the genus Lactifluus can be found in temperate, subtropical and tropical regions, in a wide range of vegetation types, such as tropical and subtropical rain forests, subtropical dry forests, monsoon forests, tree savannahs, Mediterranean woodlands, temperate broadleaf and coniferous forests and montane forests. Basidiocarps are commonly found on soil, but sporadically on stems or aerial roots of trees, such as Lf. bru nellus (Fig. 5e ) on stems of Dicymbe corymbosa (Miller et al. 2002) . Lactifluus species are ectomycorrhizal fungi and we hypothesize that the ectomycorrhizal hosts might have played important roles in species evolution. Present data suggest that both generalists and specialists occur, but the exact mycorrhizal connection generally remains undetermined. Ecological characteristics are not commonly recorded for every collection during field work, and it is hard to find out which tree a fungal species grows with in mixed forests. Common techniques to detect the host tree in mixed forests are labour-intensive and expensive, since ectomycorrhizal roots have to be excavated and both fungus and plant have to be sequenced.
Biogeography
As previously noted (Verbeken & Nuytinck 2013) , Lactifluus is mainly distributed in the tropics. Tropical Africa is most speciesrich, followed by tropical Asia and the Neotropical region. However, the Neotropics are still largely underexplored, so we expect the diversity of Lactifluus to be larger than currently known in the Neotropics. The geographical distribution of Lacti fluus differs among the four subgenera. Lactifluus subg. Lactari opsis, Lf. subg. Gymnocarpi and Lf. subg. Pseudogymnocarpi mainly contain species from the tropics, but each contains one or two temperate lineages. Lactifluus subg. Lactifluus is mainly distributed in the northern hemisphere, with the exception of some Australian species, but with no known representatives in Africa or South America. Within Lactifluus, both allopatric and sympatric speciation are hypothesised to have played a role in the evolution of new species. Stubbe et al. (2010) noted that sympatric species of Lf. sect. Gerardii are often distantly related, which suggests allopatric speciation as the major mechanism responsible for the species diversity within this section. In contrast, Van de Putte et al. (2012) found that in Lf. subg. Lactifluus several closely related species occur in sympatry and therefore might have evolved reproductive barriers and/or different ways to exploit their environment. The biogeographical history of the genus will be discussed in more detail in our next publication, where we will use Bayesian techniques to date the Lactifluus phylogeny, to find out where the genus might have originated and how it reached its current distribution.
